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(54) Method for phase detection, for use In a position detection system 

(57) Two A.C. output signals amplttude-modulated 
in accordance with two function values (sine and , . . 

cosine) differing from each other in correspondence to a 
position-to-beHJetected are received from a position 
sensor such as a resolver. By performing an addition or 
subtraction between a signal derived by shifting the 
electric phase of one of the received A.C. output signals 
by a predetermined angle, and the other received sig- 
nal, two electric A.C. signals (sin(G>t ± d+e) , 
sin(cot ± d-e)) are electrically synthesized which have 
electric phase angles (8) corresponding to tbe position- 
to-be-detected and are phase-shifted in opposite direc- 
tions. "±d" here represents phase variation error caused 
by factors, other than the position-to-be-detected, such 
as temperature change. In the synthesized two signals, 
the phase variation enrors (±d) appear in the same 
direction, while the phase differences (6) corresponding 
to the position are shifted in opposite, positive and neg- 
ative, directions. Thus, by measuring the respective 
phase shift amounts (±d+e, ±d-e) and performing appro- 
priate operation, it is allowed to cancel out or extract the 
error (±d) so that an accurate phase difference (6) can 
be detected. 
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Description 

The present invention relates to a phase difference detection device for use in position detection and a position 
detection system which are applicable to detection of both rotational posKions and linear positions, such as a rotational 
5 position detector iike a resolver or synchro, or a linear position detector based on a similar position detecting principle. 
More particularly the present invention relates to a technique to detect an absolute position on the basis of an electric 
phase difference. 

Among various Induction-type rotational position detectors, one which produces two-phase (sine phase and cosine 
phase) outputs in response to a single-phase exciting input is commonly known as a "resolver". and others which pro- 

10 duce a threeiDhase (phases shifted 120** in relation to one another) outputs in response to a single-phase exciting input 
is known as a ''synchro". The oldest-fashioned resolvers have double-pole (sine pole and cosine pole) secondary wind- 
ings provided on the stator In such a manner to cross each other at a mechanical angle of 90*" , with a primary winding 
provided on the rotor (the relationship between the primary and secondary windings may be reversed depending on a 
desired application). However, the resolvers of this type are disadvantageous in that they require brushes for electric 

15 contact with the primary winding on the i-otor. Brushless resolvers eliminating the need for such brushes are also 
known, where a rotary transformer is provided on the rotor in place of the brushes. 

R/D converters have long been known as a detection system which obtains position detection data in digital form 
by use of a resolver which produces a two-phase (sine phase and cosine phase) outputs in response to a single-phase 
exciting input. Fig. 6 is a block diagram illustrating an example of a detection system in such an R/D converter, where 

20 a resolver is used as a sensor section 1 . A single-phase exciting signal (e.g., -coscot ) generated from a detection circuit 
section 2 is applied to a primary winding W1 . and respective output signals of two-phase secondary windings W2s and 
W2c are input to the detection circuit section 2. The output signals of the two-phase secondary windings W2s and W2c 
are induced signals having, as amplitude coefficients, a sine value sine and a cosine value cose corresponding a rota- 
tional angle e of the rotor, and can be expressed by, for example, "sine • sinot " and "cose • sincot respectively. In 

25 the detection circuit section 2, sequential phase generation circuit 3 generates digital data of phase angle ^, and 
sine/cosine generation circuit 4 generates analog signals of sine value sin<|> and cosine value cos^ corresponding to 
the phase angle <t>. Multiplier 5 multiplies the sine phase output signal "sinO • sincot " from the sensor section 1 by the 
cosine value cos^ from the sine/cosine generation circuit 4. to thereby obtain "cos<t> • sine • sincot Another multi- 
plier 6 multiplies the cosine phase output signal "cose • sincot " from the sensor section 1 by the sine value sin^ from 

30 the sine/cosine generation circuit 4, to thereby obtain "sin^ • cosO • sincot ". Subtracter 7 calculates a difference 
between the output signals of the multipliers 5 and 6, and In response to the output of the subtracter 7, the phase gen- 
erating operation of the sequential phase generation circuit 3 is controlled as follows. Namely the phase angle ^ to be 
generated by the sequential phase generation circuit 3, after being initially reset to "0". is increased sequentially until 
the subtracter 7 outputs "0". The output of the subtracter 7 becomes "0" when a condition of 

35 "cos^ ' sine * sincot" "sin(|» • cosO - sincot" is satisfied, i.e.. when is established and digital data Indicative 
of the phase angle ^ from the sequential phase generation circuit 3 is coincident with a digital value of the rotational 
angle e. Thus, in this detection system, a reset trigger signal is periodically applied to the sequential phase generation 
circuit 3 at optional timing so as to reset the phase angle <|> to "0" to thereby initiate incrementing of the angle and 
when the output of the subtracter 7 reaches "0", the incrementing of the phase angle 4» is stopped to obtain digital data 

40 indicative of a detected angle 6. 

Another detection system is also known, where the resolver exciting method is modified to produce a single-phase 
output in response to two-phase exciting inputs so that an output signal containing an electric phase difference angle 
corresponding to rotational angle e is obtained to thereby derive digital data indicative of a detected angle e. in Fig. 7. 
there is shown an example of such a phase difference detection system, where a resolver is used as a sensor section 

45 1 . Two-phase exciting signals (e.g.. sinoot and -coscot ) generated in a detection circuit section 8 are applied to primary 
windings Wis and Wic. respectively and an output signal of a single-phase secondary winding W2 is input to the 
detection circuit section 8. TTie output signal of the secondary winding W2 is an induced sinal having an electric phase 
difference angle e conresponding a rotational angle e of the rotor, and can be expressed by. for example. sin((Dt-6) for 
convenience. In the detection circuit section 8, counter 9 counts predetermined high-speed clock pulses CK so that 

so sine/cosine generation circuit 10 generates exciting sine arxl cosine signals sincot and -coscot using such a count as 
an instantaneous phase value and supplies the generated signals sincot and -coscot to the primary windings Wis and 
Wic, respectively, of the sensor section 1. Then, the sensor section 1 applies the output signal sin(cot-d) of the sec- 
ondary winding W2 to a zero-cross detection circuit 1 1 . which supplies a latch pulse LP to a latoh circuit 12 upon detec- 
tion of a "zero" phase angle. In turn, the latch circuit 12 latches a counted value of the counter 9 at the timing of the latch 

55 pulse LP. The modulus of the counter 9 corresponds to one cycle of the exciting sine signal sincot , and a counted value 
"0" of the counter 9 corresponds to a zero phase of the signal sincot . Accordingly, the content of the latch circuit 12 
latched in response to a zero phase of the output signal sin(ti)t-e) coincides with a phase difference angle 0 from a zero 
phase of the sine signal sincot to a zero phase of the output signal sin(o>t-e) . Specific examples of the above-men- 
tioned phase difference detection system are disclosed in USP Nos. 4,754,220. 4.297.698, etc. 
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As known in the art. the windings of the sensor section 1 tend to undesirably change in impedance under the influ- 
ence of ambient temperature change, and thus the electric phase of A.C. signals Induced in the secondary subtly fluc- 
tuates in response to the temperature change. Additionally, the electric phase of the induced A.C. signals received by 
the detection circuit section 2 or 8 varies under the influence of various factors other than a position-to-be-detected. 

5 such as ununiform wiring lengths between the sensor section 1 and the detection circuit section 2 or 8 and delays in 
various circuit operations. If the phase variation based on the various factors, other than the position-to-be-detected, 
such as the temperature change is expressed by "id" for convenience of description, the subtracter 7, in the former- 
type detection system as shown in Rg. 6. performs a calculation of '*cos<t> * sine • sin(o)t±d) - sin<|» • cosO * 
sin((ot ±d) from which It is seen that the variation amount "id" is in effect cancelled out and hence has no effect at all 

10 on the detecting accuracy. Therefore, it can be seen that the detection system as shown in Fig. 6 is a high-accuracy 
system insusceptible to adverse influence of the ambient temperature change. However, because this detection system 
is based on a so-called "successive incrementing method" where, as noted earlier, a reset trigger signal is periodically 
applied to the sequential phase generation circuit 3 at optional timing to reset the phase angle ^ to "^O** so as to initiate 
incrementing of the angle <|>, and the incrementing of the phase angle <|> is stopped upon an'ival at "0" of the output of the 

75 subtracter 7 to thereby obtain digital data indicative of a detected angle e. it has to wait for a period from the time when 
the reset trigger is given to the time when the phase angle ^ coincides with the detected angle 0 and hence presents 
poor response characteristics. 

On the other hand, in the latter-type detection system as shown in Fig. 7, the output signal of the secondary winding 
becomes sin(G>t ± d - 0) due to the phase variation amount "id" based on the non-positional factors (other than the 

so position-to-be-detected) such as temperature change, so that a zero phase point detected by the zero-cross detection 
circuit 11 would differ by "±d" from a normal zero phase point in the case of sin(ci>t - 8) . Thus, the data latched in the 
latch circuit 12 would represent a value which undesirably corresponds to "(±d - 8)" rather than the normal angle "8", 
and tNs results in a very significant problem that the variation "id** directly appears as a detection error. Although the > 
system presents superior high-speed response characteristics thanks to its capability to immediately latch data conre- 

25 sponding to a detected angle in response to the latch pulse LP, the detection error based on the non-positional factors 
such as temperature change is often very critical. 

It is therefore an object of the present invention to provide a phase difference detection device for position detection 
and a position detection system which can perform a high-accuracy position detection without being influenced by 
unwanted phase variation caused by various factors, other tiian a position-to-be-detected, such as impedance ehange 

30 in a position sensor due to temperature change, and which also presents superior high-speed response characteristics. 
In order to accomplish the above-mentioned object, the present invention provides a phase difference detection 
device for position detection which comprises an input section for receiving first and second A.C. output signals from a 
position sensor (10), the position sensor (10) generating the first A.C. output signal (sine • sinoot) having been ampli- 
tude-modulated using, as an amplitude coefficient, a first function value (sln8) con^esponding to a position-to-be- 

35 detected (x) and generating the second A.C. output signal (cos8 * sincot ) having been amplitude-modulated using, as 
an amplitude coefficient, a second function value (cosB) corresponding to tiie position-to-be-detected (x). an electric 
circuit section (14, 15, 16) for performing an addition or subtraction between a signal (sine • cosot ) derived by shifting 
the electric phase of the first A.C. output signal (sinO • sincot ) received by the input section by a predetermined angle 
(ir/2) and the second A.C. output signal (cos8 • sincot) so as to syntiiesize at least one electric A.C. signal 

40 (sin(Q>t + 8)) having an electi-ic phase angle corresponding to the position-to-be-detected. and an operation section 
(17. 18, 19. 20. 21. 22; 18, 20, 41, 42, 43. 44, 45) for measuring an electric phase shift in at least one of the electric 
A.C. signals synthesized by the electric circuit section so as to obtain position detection data (8) corresponding to the 
positlon-to-be-detected. It should be understood that reference characters in parentiieses are added herein just to facil- 
itate cross-reference to the corresponding signals and circuits in the later described embodiments. 

45 Thepositionsensor (10) for generating the A.C. output signals (sine * sina>t and cos8 • sinot) amplitude-mod- 
ulated by two different function values in conrespondence to the position-to-be-detected (x) is a known sensor such as 
a resolver. The present invention is characterized in that output signals from such a known position sensor (10) (i.e., 
output signals to which phase-modulation corresponding to the position-to-be-detected has not been applied) is input 
to tine device for detection of a phase difference thereof so tiiat an absolute position can be detected on tiie basis of the 

so phase difference detection. 

Namely, by performing an addition or subtraction between a signal (sine • coscot) derived by shifting tiie electrk; 
phase of the first A.C. output signal received from tiie position sensor (10) by a predetermined angle and the second 
A.C. output signal (cose • sincot). at least one electric A.C. signal (sin(a>t-f 8) ) is synthesized which has an electric 
phase angle corresponding to the position-to-be-detected. In a specific example, a first electric A.C. signal (sin((Dt +e) ) 

S5 phase-shifted in a positive direction can be synthesized on the basis of the addition. e.g.. 
(sine • cosa>t + cose • sincot ). while a secorid electi'ic A.C. signal (sin((Dt -e) ) phase-shifted in a negative direction 
can be syntiiesized on the basis of the subtraction, ag., (-sine - coscot + cose • sincot). 

If a fundamental time-varying phase of the obtained A.G. signal is represented by "cot" and phase variation caused 
by impedance change of tiie sensor's wiring due to temperature change and other factors than tiie position-to-be- 
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detected (i.e.. non-positional factors) is represented by "id", then the first electric A.C. signal may be expressed as 
"sinCot +d + e )" and the second electric A.C. signal as "sin(G)t ±d -e That is, the electrical phase differences (e). 
corresponding to the position-to-be-detected (x). for the first and second electric A.C. signal appear as opposite (posi- 
tive and negative)-direction phase shifts. However, the phase variations "id" for both of the first and second electric A.C. 

5 signals have effects in the same positive or negative direction depending on the cunrent conditions. Thus, by measuring 
the respective phase differences "(±d +6)" and "(±d -6)" of the first and second electric A.C. signals and performing an 
. appropriate operation such as an addition or subtraction on the measured differences, it is allowed to cancel out or 
extract the phase variation "id" and also detect the phase difference (9) free of the phase variation "id** which accu- 
rately con-esponds to the positlon-to-be-detected (x). 

10 For example, there may be included a section for determining an electric phase difference (±d +6) between a pre- 
determined reference A.C. signal (sincot ) and the first electric A.C. signal (sin(a)t ±d + 8) ) so as to obtain first phase 
data (D1), a section for measuring an electric phase difference (±d -6) between the predetermined reference A.C. signal 
(sinot ) and the second electric A.C. signal (sin(<Dt ±d -6) ) to obtain second phase data (D2), and a section for calcu- 
lating position detection data corresponding to the position-to-be-detected on the basis of the first and second phase 

75 data (D1 and D2). This section for calculating position detection data may be designed to obtain error data (±d) by cal- 
culating a difference between the respective absolute values of the first and second phase data (D1 , D2). For example, 
by performing a calculation of (D1+D2) / 2 , a condition of {(±d +6) + (±d -6)} / 2 = 2 (±d) / 2 = ±d is established, so 
that the en-or data (±d) can be obtained. So. by an operation to remove the error data from one of the first and second 
phase data, it Is allowed to obtain the phase difference (0) accurately corresponding to the position-to-be-detected (x), 

20 from, for example, "D1 -(±d) = ±d +6 -(±d) = +0 ". 

In another example, the condition of (cot ±d +6) - (cot ±d -8)= 28 may be met by directly measuring an electric 
phase difference between the above-mentioned first and second electric A.C. signals. In this case as well, the phase 
variation "±d" is cancelled out so that it is allowed to obtain only phase difference data (28) proportional to a static elec- 
tric phase angle (8) corresponding to the position-to-be-detected (x). This phase difference data (28) may be used 

25 directly as detection data proportional to the position-to-be-detected (x). Alternatively, an electric phase angle (8) aver- 
aged in half may be obtained for use as the detection data proportional to the position-to-be-detected (x). 

Consequently, the present invention permits a high-accuracy position detection without being influenced by various 
factors, other than the position-to-be-detected, such as impedance change of the sensor due to temperature change 
and ununiform lengths of wiring cables. Further, because the present invention is based on the technique of measuring 

30 a phase difference (8) in A.C. signals, the instant latching method as shown in Fig. 7 may be employed rather than the 
conventional successive incrementing method as shown in Rg. 6, and thus the invention can achieve a phase differ- 
ence detection device or position detection system which presents superior high-speed characteristics. 

In the case where the position-to-be<ietected (x) time-varies or moves with time, it happens that the frequency or 
period of the first electric A.C. signal (sin(Q>t ±d +8) ) and second electric A.C. signal (sin(ffit ±d -8) ) vary in opposite 

35 directions from each other. To cope with such a dynamic characteristic, the detection device may further comprises a 
section (23) for . detecting a coincidence in zero cross between the first and second electric A.C. signals 
(sin(Gt>t ±d -i-8) and sin(a>t ±d -8) ). and a holding section (26) for. in response to detection of a coincidence in zero 
cross between the first and second electric A.C. signals, holding, as error data (±d). data (D1 and D2) based on an elec- 
tric phase difference, from a predetermined reference A.C. signal, of at least one of the first and second electric A.C. 

40 signals. In this case, the operation section modifies the above-mentioned position detection data based on the electric 
phase difference of at least one of the first and second electric A C. signals, by use of the en-or data (±d) held by the 
holding section (26) at least when the position-to-be-detected is moving. 

Namely, in the case where the position-to-be-detected (x) time-varies, the phase shift amount (8) also time-varies, 
and hence the above-noted "+8" and "-8" may be represented as "4^{t)" and "-8(1)"*, respectively. Where the 8 time-var- 

45 ies in the positive and negative directions, the phase variation "±d" can not be cancelled out or extracted by the alX3ve- 
mentioned simple addition/subtraction alone, which would inevitably result in insufficient accuracy. Therefore, to cope 
with such a dynamic characteristic, the detection device may be designed to detect a coincidence in zero cross between 
the first and second electric A.C. signals {s\n{€dt ±d +8) ) and (sin(G>t ±d -8) ); hold, as en^or data (±d). data based on 
the electric phase difference, from a predetermined reference A.C. signal, of at least one of the first and second electric 

so AC. signals (i.e., at least one of the first and second phase data D1 and D2), in response to detection of a zero cross 
coincidence; and modify the position detection data (i.e., at least one of the first and second phase data D1 and D2) 
based on the electric phase difference of the electric A.C. signal by use of the error data (±d) held at least when the 
position-to-be-detected is moving. 

Detection of a zero cross coincidence signifies an instant when the two signals are both in a zero phase, which also 

55 means that phase differences (±d +8) and (±d -8), from the reference phase ot, of the two signals are equal. Namely, 
this is the very moment when the condition of ±d+8 = ±d-8 is satisfied, i.e.. when 8 = 0. Accordingly, for the first and 
second phase data (D1 and D2) obtained when a zero-cross coincidence is detected, 

P1 = ±d+8 = D2 = ±d-8 = ±d 
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is established, so that it is possible to hold, as the error data (±d). data based on at least one of the first and second 
phase data (D1 and 02). Thus, by extracting the error data (±d) to be held and then modifying at least one of the suc- 
cessively varying first and second phase data D1 and D2 by use of the held error data (±d). it is allowed to obtain accu- 
rate time-variant phase difference data free of the phase variation "±d" which corresponds only to the position- 
5 to-te-detected (x) even in the case when the position (x) time-varies, as seen from, for exarrple. 

D1 - (±d) = {±d+e(t)} -(±d) = +e(t) 

As another form of embodying the present invention, such an approach may be employed where only one electric 

10 A.C. signal (sin(<Dt ±d -8) ) is synthesized and a reference phase to be used for phase difference determination is cre- 
ated on the basis of outputs of the position sensor (10). That is, the reference phase signal is formed by synthesizing 
zero crosses of the two electric A. C. output signals (sine • sinot and cose • slna>t ) generated by the position sensor 
(10). Since this reference phase signal is based on the outputs of the position sensor (10), it contains tiie phase differ- 
ence (±d) and is in synchronism with sin(cDt±d) . Therefore, by measuring the phase difference (0), from the reference 

75 phase signal (sin(G)t±d) , of the above-mentioned electric A.C. signal (sin(a>t±d-e)), it is possible to obtain accurate 
position detection data free of the phase error component (±d) which accurately conresponds to tiie position-to-be- 
detected (x). The characterizing point here is that the reference phase signal to be used for phase difference determi- 
nation is created by synthesizing zero crosses of the first A.C. output signal (sine • sinot ) and second A.C. output sig- 
nal (cose • sincDt) generated from the position sensor (10). These first and second A.C. output signals 

20 (sine • sinoat and cose • sinoat ) are same in electric phase, but differ in amplitude value depending on the e. There- 
fore, in synthesizing zero crosses of tiie two signals, a relatively high-accuracy zero cross detection is always possible 
for any one of the signals without being Influenced by variations of the amplitude values sine and cose responding to 
the e. According to this form of embodiment, because tiie phase error "td" can be removed similarly to tiie above-men- 
tioned, a high-accuracy position detection is possible witiiout being influenced t>y various factors, other tiian the posi- 

25 tion-to-be-detected, such as impedance change of the sensor due to temperatijre change and ununifbrm lengths of 
wiring cables. Further, a phase difference detection device or position detection system can be provided which presents 
superior high-speed characteristics. 

The present invention may employ a known resolver, or any other similar single-phase exciting/two(or multiple)- 
phase output position sensor. Such a position sensor is constucted to generate a first A.C. output signal 

30 (sine • sincdt ) having as an amplitude value a first function value (sine ) con'esponding to the positlon-to-be-detected 
(x) and a second A.C. output signal (cose • sina>t ) having as an amplitude value a second function value (cose ) cor- 
responding to the position-to-be-detected (x). In such a case, the above-mentioned first electric A.C. signal, such as 
expressed by sine • cos<ot + cose • sincot = sin((Dt+e) . may be synthesized by performing an addition between a 
signal derived from by shifting the electric phase of the first A.C. output signal (sine ' sincot) by a predetermined 

35 angle, say,v90° so as to be sine • coscot , and tiie second A.C. output signal (cose • sinot ). Alternatively, the above- 
mentioned second electi-ic A.C. signal, such as expressed by cose • sincot - sine • coscot = sin(Qt-e) . may be syn- 
thesized by performing a subti'action between the signal derived from by shifting the electi-ic phase of the first A.C. out- 
put signal (sine • sincat) by a predetermined angle so as to be sine • coscot, and the second A.C. output signal 
(cose • sincot ). The same application will also be possible, through appropriate design alterations, to the case where 

40 a single-phase excitingAhree-phase output position sensor such as a synchro. 

The pretended embodiments of the Invention will be described below with reference to the accompanying drawings. 
In the accompanying drawings: 

Fig. 1 is a block diagram illustrating a position detection system in accordance witii an embodiment of the present 
45 invention: 

Figs. 2A and 2B are diagrams explanatory of the operation of tiie position detection system shown In Fig. 1 ; 
Fig. 3 is a block diagram illustrating a position detection system In accordance with another embodiment of the 
present invention; 

Fig. 4 is a block diagram illustrating a positibn detection system In accordance with still another emtxxJIment of the 
so present invention; 

Rgs. 5A and 5B are diagrams explanatory of the operation of tiie position detection system shown in Fig. 4; 

Fig. 6 is a block diagram illustrating an example of prior art; 

Fig. 7 is a block diagram illustrating another example of prior art. and 

Fig. 8 is a block diagram illustiating an example of a tenperaturoKlletecting curcuit added to the embodiment of Rg. 

55 1 or 3. 

In Rg. 1, positional sensor 10 may be a position sensor of any desired type having a single-phase exciting input 
and two-phase outputs. For example, tiie position sensor 10 may be a conventionally known resolver of the brushless 
or brush-equipped type. Alternatively, the position sensor 1 0 may be a variable*reluctance type position sensor such as 
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a "Microsyn" (trade name) where primary and secondary windings are provided on the stator with no winding on the 
rotor or movable member, or it may be either a rotational position sensor or linear position detecting sensor. 

A single-phase exciting A,C. signal (denoted by "-cosot " Ibr convenience of description) generated in a detection 
circuit section 1 1 is applied to the position sensor 1 0 so as to excite the primary winding W1 . In the position sensor 10, 
A.C. output signals are induced in the twoiDhase secondary windings W2s and W2c in response to excitation of the pri- 
mary winding W1 . and the respective induced voltage levels of the signals present two-phase functional characteristics, 
sine and cosO . corresponding to a particular position to be detected (position-to-be-detected) x. That is, the induced 
output signals of the secondary windings W2s and W2c are output with their amplitudes n^ulated by the two-phase 
functional characteristics sine and cose corresponding to the posttion-to-be-detected x. It is assumed herein that x=e 
or X is proportional to e. Further, for convenience of description, coefficients relating to other conditions such as the 
respective turns of the windings will not be taken into account, and the secondary winding W2s is assumed to be of sine 
phase with its output signal represented by "sinO • sin^t " whereas the other secondary winding W2c is assumed to 
be of cosine phase with its output signal represented by "cose • sincot That is, the secondary winding W2s outputs 
a first A.C. output signal A (s sine * sinoot) having as its amplitude value a first function value sine corresponding to 
the position-to-be-detected x. and the secondary winding W2c outputs a second A.C. output signal B (= cose • sin©!) 
having as its amplitude value a second function value cose corresponding to the position-to-be-detected x. 

In the detection circuit section 11, counter 12 counts predetermined high-speed clock pulses CK, exciting signal 
generation circuit 13 generates an exciting A.C. signal (e.g., -coscot) on the basis of a counted value of the counter 12. 
and the generated A.C. signal is supplied to the primary winding W1 of the position sensor 1 . The modulus of the coun- 
ter 1 2 con-esponds to one cycle of the exciting A.C. signal, and it is assumed herein, for convenience of description, that 
its counted value "0" corresponds to the zero phase of reference sine signal sinot . Assuming that one complete cycle 
of the reference sine signal sinot from the zero to maximum phases is generated during one cycle of counting of the 
counter 12 from zero to the maximum value, each exciting A.C. signals -coscot is generated, by the exciting signal gen- 
eration circuit 13, at a phase 90^ delayed behind the reference sine signal sincot . 

The first and second A.C. output signals A and B of the position sensor 1 0 are supplied to the detection circuit sec- 
tion 11 . In the detection drcuit section 1 1 , the first A.C. output signal A (= sine • sincot) is input to a phase shift circuit 
14 so that it is shifted in electric phase by a predetermined amount (e.g., 90** ) so as to provide a phase-shifted A.C. 
signal A* (= sine • coscot) . The detection circuit section 11 also includes adder and subtracter circuits 15 and 16. In 
the adder circuit 15, the phase-shifted A.C. signal A* (= sine ■ coscot) from the phase shift circuit 14 and the above- 
mentioned second A.C. output signal B (= cose • sincot) are added together so as to obtain, as an added output sig- 
nal, a first electric A.C. signal Y1 that may be expressed by a brief formula of 
B + A' = cose • sincot + sine • coscot = sin(cot + e) . On the other hand, in the subtracter circuit 16, a subtraction 
between the phase-shifted A.C. signal A' (= sine • coscot) from the phase shift circuit 14 and the above-mentioned 
second AC. output signal B (= cose • sincot) is performed so as to obtain, as a subtracted output signal, a second 
electric A.C. signal Y2 that may be expressed by a brief formula of B - A* = cose * sincot - sine * coscot = sin(cDt-e) . 
In this way. there can be obtained, through electric processing, the first electric A.C. signal Y1 (s sin(a>t-»-e)) having an 
electric phase (+e) shifted in the positive direction in correspondence to the position-to-be-detected x, and the second 
electric AC. signal Y2 (= sin(a)t-e)) having an electric phase (-e) shifted in the negative direction in correspondence to 
the position-to-be-detected x. 

The above-mentioned output signals Y1 and Y2 of the adder and subtracter circuits 15 and 16 are given to zero- 
cross detection circuits 17 and 18 for detection of the respective zero-cross points of the signals Y1 and Y2. The zero- 
cross detection is done by. for example, identifying a point where the signal Y1 or Y2 changes from a negative value to 
a positive value, i.e.. a zero phase point. Zero-cross detection pulses generated by the circuits 1 7 and 18 upon detection 
of the respective zero-cross points are applied as latch pulses LP1 and LP2 to corresponding latch circuits 19 and 20. 
Each of the latch circuits 19 and 20 latches a counted value of the counter 12 at the timing of the corresponding latch 
pulse LP1 or LP2. Since, as noted earlier, the modulus of the counter 12 corresponds to one cycle of the exciting A.C. 
signal and its counted value "0" corresponds to a zero phase of the reference sine signal sincot . data D1 and D2 thus 
latched in the latch circuits 19 and 20 correspond to phase differences of the output signals Y1 and Y2 with respect to 
the reference sine signal sincot . Output data from the latch drcuits 19 and 20 are supplied to an error calculation circuit 
21, which in turn conducts a computation of -(D1+D2) / 2 This computation may in practice be conducted by right 
(downward)-shifting by one bit the sum of the binary data "D1 +D2". 

If the phase variation error is represented by "id** considering possible influence of ununiform lengths of wiring 
cables between the position sensor 10 and detection circuit section 1 1 and inr^edance change caused by the terrper- 
ature change in the windings W1 , W2s and W2c of the position sensor 10, the above-mentioned signals handled iri the 
detection circuit section 1 1 may be expressed as follows: 

A = sine • sin(fflt±d); 

A* « sine • cos(©t±d); 
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B = cose • sin(ot ± d): 
Y1 = sin((ot ± d + 6); 

5 Y2 = sin(a)t±d-e); 

D1 = ±d + e;and 
D2 = ± d - e 

10 

Namely, since the phase difference counting is performed using the reference sine signal sinoot as a reference 
phase, the phase difference measurement data D1 and D2 will contain the phase variation en^or "±6* as previously 
nientioned. The phase variation error '*±d*' can be calculated by the error calculation circuit 21 using the following 

expression: 

75 

(D1+D2) / 2 = {{±d+e) + (±d-e)} / 2 = ±2d / 2 = ±d 

Data incficative of the phase variation en-or "td** calculated by the error calculation drcuit 21 is delivered to a sub- 
tracter circuit 22, where the data "id" Is subtracted from one (D1) of the phase difference measurement data D1 and 
20 D2. That is, because the subtracter circuit 22 carries out a subtraction of "Dl -(±d)". 

D1 -(±d) = ±d+e -{±d) = 0 

, and thus there can be obtained digital data indicative of an accurate phase difference 0 from which the phase variation 
25 error "td" has been removed. From the foregoing, it will be readily understood that the present invention allows only the 
accurate phase difference 0 corresponding to the position-to-be-detected x to be extracted by cancelling out the phase 
fluctuation error "id". 

This featiR-e will be described in greater detail with reference to Figs. 2A and 2B. which show waveforms, at and 
around a zero phase point, of the sine signal sincot used as the phase measuring reference and the first and second 

30 A.C. signals Y1 and Y2; Fig. 2A shows such waveforms in the case where the phase variation error is positive, whereas 
Fig. 28 shows such waveforms in the case where the phase variation error is negative. In the case shown in Fig. 2A, 
the zero phase of the first signal Y1 is displaced or shifted, by "e-Ki". ahead of that of the reference sine signal sinmt , 
and phase difference detection data D1 corresponding thereto represents a phase difference equivalent to "O+d". Fur- 
ther, the zero phase of the second signal Y2 is displaced or shifted, by "-O-kI behind that of the reference sine signal 

35 sincot , and phase difference detection data D2 corresponding thereto represents a phase difference equivalent to 
"-O-fd In this case, the enror calculation circuit 21 calculates a phase variation en^or "-kI" on the basis of 

(D1+D2) / 2 = {(+d-he) + (+d-e)} / 2 = +2d / 2 = +d 

40 Then, the subtracter circuit 22 carries out a calculation of 

D1 -(4d) = 4<i +e •{^) = e 

, to tiiereby extract an accurate phase difference 0. 
45 On the other hand, in the case shown in Fig. 28, the zero phase of the first signal Y1 leads, by "6-d", that of the 
reference sine signal sincot , and phase difference detection data D1 corresponding thereto represents a phase differ- 
ence equivalent to "G-d^ Further, the zero phase of the second signal Y2 lags, by "-e-d that of the reference sine sig- 
nal sincot. and phase difference detection data D2 corresponding thereto represents a phase difference equivalent to 
" -e-d ". In this case, the error calculation drcuit 21 calculates a phase fluctuation error "4d'' on the basis of 

50 

{D1+D2) / 2 = {(-d+e) + (-d-e)} / 2 = -2d / 2 = -d 
Then, the subtracter circuit 22 can-ies out a calculation of 

55 D1 -(-d) = -d +e -(-d) = e 

, to thereby extract an accurate phase difference e. 

Alternatively, the subtracter drcuit 22 may carry out a subtraction of "02 -(±d). and by so doing, there can be 
obtained data (-e) which in principle reflects an accurate phase difference e in a similar manner to the above-mentioned. 
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As seen from Figs. 2A and 2B as well, the electric phase difference between the first and second signals Y1 and 
Y2 is 26. which always represents the double of the accurate phase difference 6 where the phase variation errors "id" 
in the two signals Y1 and Y2 have been cancelled out. Therefore, the structure of the circuitry including the latch circuits 
19 and 20. error calculation circuit 21, subtracter drcuit 22 etc. may be modified, if necessary, in such a manner to 

5 directly obtain the electric phase difference 20 between the first and second signals Y1 and Y2. For example, digital 
data corresponding to the electric phase difference 28 where the phase variation errors "id" in the two signals Y1 and 
Y2 have been cancelled out may be obtained by using a suitable means to gate a period between generation of the 
pulse LP1 corresponding to a zero phase of the first signal Y1 output from the zero-cross detection circuit 1 7 and gen- 
eration of the pulse LP2 conresponding to a zero phase of the second signal Y2 output from the zero-cross detection 

10 circuit 1 8, and counting the gated period. Then, data corresponding to 0 can be obtained by downward-shifting the dig- 
ital data by one bit. 

The latch circuit 19 for latching "+0" and latch circuit 20 for latching "-G" in the above-mentioned embodiment have 
just been described as latching a courrt output of the same counter 12. and no specific reference has been made to the 
sign (positive or negative sign) of the latched data. However, the sign of the data may be selected as desired by applying 

15 an appropriate design choice along the spirit of the present invention. If, for example, the modulus of the counter 12 is 
4,096 (in decimal notation), it will suffice to perform necessary arithmetic by relating its possible digital counts 0 to 4,095 
to phase angles 0 to 360° . In the simplest example, the necessary aritiimetic may be performed by using the upper- 
most bit of a counted output of the counter 12 as a sign bit and relating digital counts 0 to 2.047 to +0 to +180*' and 
digital counts 2,048 to 4.095 to -180 to -0° . In another exanrple. digital counts 4.095 to 0 may be related to negative 

20 angle data -360 to -0° by the input or output data of the latch circuit 20 into 2's complements. 

Although the above-described embodiment uses the single-phase exciting input/lwo-phase output position sensor 
10 to generate thefirst and second A.C. signals Y1 ( = sin((Dt+e)) and Y2 = sin(ci>t-0) via the electric circuity witiiin the 
detection circuit section 1 1 , a tiiree-phase output or three (or more than tiiree)-phase output position sensor may be 
used. 

25 Incidentally, no particular problem arises when tiie position-to-be-detected x is In a stationary state; however, as 
the position x varies timewise, the corresponding phase angle 6 also time-varies. In such a case, tiie phase difference 
value e between the respective output signals Y1 and Y2 of ttie adder and subtracter circuits 15 and 16. rattier tiian 
assuming a fixed value, presents dynamic characteristics time-varying in correspondence with tiie moving speed. If tiiis 
is represented by e(t), then the respective output signals Y1 and Y2 may be expressed by 

30 

Y1 = sin {cDt ±d +e(t)} 

Y2 = sin {©t ±d -e(t)} 

35 Namely, the phase-leading output signal Y1 shifts in frequency, witii respect to the frequency of the reference signal 
sincDt , in a direction where the frequency increases In accordance with the '*+e(t)". whereas tiie phase-lagging output 
signal Y2 shifts in frequency, with respect to tiie frequency of the reference signal sinot , in a direction where the fre- 
quency decreases in accordance with tiie "-e(t)". Because, under such dynamic characteristics, tiie respective periods 
of the signals Y1 and Y2 successively shift in the opposite directions for each cyde of tiie reference signal sin cot , the 

40 measured time references of the latched data D1 and D2 in tiie latch circuits 19 and 20 will differ from each other, so 
that the accurate phase variation en-ors "±d" can not be obtained by mere operations of tiie circuits 21 and 22. 

A simplest possible way to avoid such a problem is to limit the function of tiie device of Fig. 1 in such a manner ttiat 
the device ignores outputs obtained when the position-to-be-detected x is moving timewise and instead measures the 
position x in a stationary state by use of only outputs obtained in the stationary state. Thus, the present invention may 

45 be embodied for such a limited purpose. 

But. in the case where the object-of-detection x is for example a rotation shaft of a motor, it is usually necessary to 
detect ever-changing rotational positions of the motor. Thus, it will be desirable to be able to accurately detect every 
phase difference 0 con-esponding to a varying position-to-be-detected x even during the time-variation of the object. 
Therefore, a description will be made below, with reference to Fig. 3, about an improvement of the present invention 

50 which, in order to address the atx)ve-mentioned problem, is capable of detecting every phase difference 0 correspond- 
ing to a varying position x even during the time-variation of the position x. 

Fig. 3 extractively shows a modification of the error calculation and subtracter circuits 21 and 22 in tiie detection 
circuit section 1 1 of Fig. 1 . and the other components not shown in the figure may be tiie same as in Fig. 1 . If phase 
difference e corresponding to tiie time-varying position-to-be-detected x is represented by +e(t) and -0{t). tiie output sig- 

55 nals Y1 and Y2 can be expressed as the above-mentioned. Then, tiie phase difference measurement data D1 and D2 
obtained by tiie latch circuits 19 and 20 are 

D1 = ±d+e(t) 
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D2 = ±d-e(t) 

In this case, "±d+e(t)" will repeatedly time-vary in the positive direction over a range from 0 to 360** In response to 
the time-variation of the phase difference e» whereas "±d-e(t)" will repeatedly time-vary in the negative direction over a 

5 range from 360 to 0* In response to the time-variation of the phase difference e. Thus, although ±d+e(t) ^ ±d-e(t) 
results sometimes, the variations of the two data intersect each other some other time, and thereby ±d-i-6(t) = ±d-e(t) 
is established. When ±d+e(t) = ±d-6(t) . the output signals Y1 and Y2 are in phase and the latch pulses LPI and LP2 
con-esponding to the respective zero-cross detection timing of the signals Y1 and Y2 are generated at the same timing. 
In Fig. 3, a coincidence detection circuit 23 detects a coincidence in the generation timing of the latch pulses LPI 

10 and LP2 conesponding to the respective zero-cross detection timing of the output signals Y1 and Y2, and generates a 
coincidence detection pulse EQP upon detection of such a coincidence. A time-variation determination circuit 24 deter- 
mines, via an optional means (e.g., means for detecting presence or absence of time-variation in the value orf one. of tiie 
phase difference measurement data D1). that the position-to-be-detected x is In the time-varying mode, and it outputs 
a time-varying mode signal Tf^ upon such a detection. 

IS Selector 25 is provided between the error calculation and subtracter circuits 21 and 22 so that when no time-vary- 
ing mode signal TM is generated (TM = ''O"), i.e., when the position-to-be-detected x is not time-varying, the output sig- 
nal applied from the error calculation circuit 21 to selector input B is selected to be fed to the subtracter circuit 22. When 
the input B of the selector 25 is selected, the circuitry of Fig. 3 operates in a manner equivalent to tiie circuitry of Rg. 
1 ; tiiat is, when tiie position-to-be-detected x is at rest, i.e. not moving, the output data of the calculation circuit 211s fed 

20 directiy to the subtracter circuit 22 via the input B so ttiat tiie circuitry operates as in Rg. 1 . 

In contrast, when tiie time-varying mode signal TM is generated (TM = "1 "), i.e.. when tiie position-to-be-detected 
X is time-varying, tiie output signal applied from the latch circuit 26 to selector input A is selected to be fed to the sub- 
tracter circuit 22. Then, once tiie coincidence detection pulse EQP is generated while the mode signal is T, an AND 
condition is satisfied in AND gate 27, which thus outputs a pulse responsive to tiie coincidence detection pulse EQP. 

25 The output pulse of the AND gate 27 is given as a latch command to the latch circuit 26, which latches output count 
data of the counter 12 in response to the latch command. Because, when the coincidence detection pulse EQP is gen- 
erated, ttie output of tiie counter 12 will be latched concun-ently in both the latch circuits 19 and 20, D1 = D2 is met. 
and hence tiie data latched in tiie latch data 26 is equivalent to D1 or D2 (provided tiiat D1 ^ D2 ). 

Furtiier, because tiie coincidence detection pulse EQP is generated once the respective zero-cross detection tim- 

30 ing of the output signals Y1 and Y2 coincides, i.e., once "±d+G(t) = ±d-e(t) " is met, the data latched in the latch data 
26 in response to the pulse EQP is equivalent to D1 or D2 (provided that D1 = D2 ) and tiierefore equivalent to 

(D1+D2)/2 

35 This means 

(D1+D2) / 2 = [{±d+e(t)} + {(±d-e(t)}] / 2 = 2(±d) / 2 = ±d 

and hencelurther means tiiat the data latched In the latch data 26 Is an accurate Indication of the phase variation en'or 
40 "±d". 

Thus, when the position-to-be-detected x is time-varying, data accurately indicating the phase variation error "id" 
is latched in the latch circuit 26 in response to the coincidence detection pulse EQP, and the output data of tiiis latch 
circuit 26 is sent via the input A to the subtracter circuit 22. Accordingly, the subtracter circuit 22 can obtain only the data 
9 (6(t) in the case where the position x is time-varying) which accurately corresponds only to tiie position x and from 
45 which the phase variation error "id" has been eliminated. 

In the modified example of Rg. 3, the AND gate 27 may be omitted so that tiie coincidence detection pulse EQP is 
applied directiy to tiie latch control input of tiie latch circuit 26. 

Furtiier, as denoted by a broken-line arrow, the latch circuit 26 may latch tiie output data "±d" of ttie error calculation 
circuit 21 rather ttian the output count data of the counter 12. In such a case, the output timing from the calculation cir- 
50 cult 21 of the output data Is slightiy delayed behind the generation timing of ttie coincidence detection pulse EQP due 
to operational delays of the latch circuits 19 and 20 and calculation circuit 21 , so it Is preferable that the output of tiie 
calculation circuit 21 be latched Into the latch circuit 26 after having undergone appropriate adjustment against the time 
delay. 

It should also be readily understood that in the case where the detection circuit section 1 1 is constructed taking only 
55 dynamic characteristics into account, it is possible to omit the circuit 21 and selector 25 of Fig. 3 and one of the latch 
circuits 1 9 or 20 of Fig. 1 . 

Fig. 4 shows another embodiment of the phase difference detecting operation directed to cancelling phase varia- 
tion error "id", where there is employed a single-phase exciting input/iwo-phase output position sensor 10 as in the 
embodiment of Fig. 1 . 
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Rrst and second A.C. output signals A and B are introduced into a detection circuit section 40. The first A.C. output 
signal A (= sine • sincot) is input to a phase shift circuit 14 of the section 40. where its electric phase is shifted by a 
predetermined amount to provide a phase-shifted A.C. signal A' (= sine • coscot) . In a subtracter circuit 16. a subtrac- 
tion between the phase-shifted A. C. signal A' (= sine • cosG>t) and the second A.C. output signal B (- cose • sinot) 
5 is performed to provide an A.C. signal Y2 that may be expressed by a brief formula of 
B - A' = cose • sincot - sine • coscot = sin((Dt - e) . The output signal Y2 of the subtracter circuit 16 is fed to a zero- 
cross detection circuit 18 so that a latch pulse LP2 is output upon detection of a zero-cross point and supplied to a latch 
circuit 20. 

The embodiment of Fig. 4 is different from that of Fig. 1 in terms of a reference phase that is used to measure a 
10 phase difference amount e from an A.C. signal Y2 (= sin(<jDt - 6)) containing the phase difference con-esponding to the 
position-to-be-detected x. More specifically, in the emkxxJiment of Fig. 1. the reference phase used to measure the 
phase difference amount e is the zero phase of the reference sine signal sina>t which is not input to the position sensor 
10 and hence does not contain phase variation error "id" caused by various factors such as variation of wiring imped- 
ance due to temperature change etc. Because of this, the entbodinoent of Rg. 1 forms two A.C. signals, 
75 Y1 (= sin{(Dt+e)) and Y2 (= sin(G)t-e)) and cancels out the phase variation error '*±d'* by calculating a phase difference 
between the two signals. In contrast, the embodiment of Fig. 4 is designed to eliminate the phase variation error "±d" 
by, on the basis of the first and second output signals A and B output from the position sensor 10, forming the reference 
phase to be used for measuring the phase difference amount e in such a manner that the reference phase itself con- 
tains the error "id". 

20 More specifically, in the detection circuit section 40 of Rg. 4. the first and second output signals A and B output from 
the position sensor 10 are input to zero-cross detection circuits 41 and 42, respectively, each of which detects a zero- 
cross of the con-esponding input signal. It is assumed herein that each of the detection circuits 41 and 42 outputs a 
zero-cross detection pulse in response to both a positive-going zero-aoss point where the amplitude of the correspond- 
ing input signal A or B changes from a negative value to a positive value (so to speak. 0° phase) and a negative-going 

25 zero-cross point where the amplitude of the corresponding input signal A or B changes from a positive value to a neg- 
ative value (so to speak, 1 80° phase). The reason Is that, because sine and cose determining the positive or negative 
polarity of the amplitude of each signal A and B become positive or negative in response to the value of e, it is at least 
necessary to detect a zero-cross for every 180** in order to detect zero-cross points for every 360'* on the basis of com- 
bination of the two signals. The zero-cross detection pulses output from the two zero-cross detection circuits 41 and 42 

30 are ORed by an OR circuit 43. and the resultant output of the OR circuit 43 is fed to a suitable 1/2 frequency 
dividery^ulse circuit 44 (which may include for exanrple a 1/2 frequency divider circuit such as a T flip-flop and a pulse 
outputting AND gate) in such a manner that every other zero-cross detection pulse is taken out, so that the zero-cross 
for every 360"* , i.e. zero-cross detection pulse corresponding only to the zero phase is output as a reference phase sig- 
nal pulse BP. This pulse BP is applied to the reset input of a counter 45 which continually counts predetermined clock 

35 pulses CK. The counter 45 is reset to "0" whenever the reference phase signal pulse BP is applied thereto. The counted 
value of the counter 45 is fed to the latch circuit 20, where it is latched at the generation timing of the latch pulse LP2. 
Then, the data D thus latched in the latch circuit 20 is output as measurement data of the phase difference e conre- 
sponding to the position-to-be-delected x. 

The first and second A.C. output signals A and B from the position sensor 10 are expressed by A = sine • sincot 

40 and B = cose • sintot , respectively, and are in phase with each other. Bespective zero-cross points should therefore 
be detected at the same timing; actually, however, the amplitude level of either of the signals may become "0" or close 
to "0" since the amplitude coefficients vary in sine and cose , in which case it is practically impossible to detect any 
zero-cross point of one of the signals. Thus, this embodiment is characterized in that zero-cross detection processing 
is performed on each of the two A.C. output signals A (= sine • sinoat) and B (= cos8 • sincot) , and the zero-cross 

45 detection outputs of the two signals are OBed so that even when no zero-cross of either of the signal can be detected 
because of a small amplitude level, it is possible to utilize the zero-cross detection output signal of the other signal hav- 
ing a relatively great amplitude level. 

In the Fig. 4 embodiment, if the phase variation caused by variation in wiring impedance of the position sensor 10 
etc. is for example "-d", the A.C. signal Y2 output from the subtracter circuit 16 will be sin(G)t-d-e) as shown in Fig. 5A. 

50 In this case, the output signals A and B of the position sensor 10 assume respective amplitude values sine and cose 
corresponding to the angle e and contain respective phase variation errors as represented by A = sine • sin(a)t-d) and 
B = cose ' sin(cDt-d) . as shown in Fig. 5B. Consequently, the reference phase signal RP obtained at such timing as 
shown in Rg. 5C on the basis of the zero-aoss detection is displaced, by the variation en^or "-d". from a zero phase of 
the normal reference reference sine signal sincot . Thus, an accurate angle value e free of the variation en-or "-d" will be 

55 obtained by measuring a phase diff^-ence amount in the output A.C. signal Y2 (= sin(a)t-d-e)) of the subtracter circuit 
16. 

For the position sensor 10 constructed as a rotary sensor, various high-resolution rotary sensors where the phase 
angle e present a multi-cycle variation per revolution are known In addition to those where the phase angle e present a 
single-cycle variation; the principle of the present Invention may of course be applied to any of such high-resolution 
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rotary sensors. Further, such a technique is known which permits detection of absolute rotational positions over a plu- 
rality of revolutions by providing a plurality of rotational position sensors to which the rotation of a rotational shaft, object 
of detection^ is transmitted at different transmission ratios. The present invention Is also applicable to that technique if 
position detection data of each of the rotary sensors Is obtained by the phase difference detecting method. It should be 

5 obvious that the present Invention may be applied to linear position detector devices as well as to rotary-type detection 
devices in every stage where linear position data is obtained by the phase difference detecting method. 

After device conditions such as the wiring length of the winding section 10 are set the Impedance variation will 
depend primarily on the temperature. Then, the above-mentioned phase variation amount ±d represents data indicative 
of a temperature in the environment where the linear position detector is located. Thus, the device having the circuit 21 

10 for calculating a phase variation amount ±d as in the embodiment of Rgs. 1 and 3 can output the calculated phase var- 
iation amount ±d as temperature detection data when necessary. 

As shown in Rg. 8. for example, temperature detection data TEM can be obtained by Inputting the output data ±d 
from the circuit 21 (from Rg. 1 or 3) to a processing circuit 28 which performs necessary arithmetic operations using as 
parameter PARA the wiring length of the winding section 10 and other condition. Because the data ±d Itself more or less 

IS con-elates to the temperature, this data ±d may be used directly as the temperature detection data TEM in such appli- 
cations where high accurucy is not required for detecting a temperature. 

Therefore, the present invention thus arranged can, by use of a single position detector, advantageously detect not 
only a position of an object but also data TEM indicative of a temperature In the environment surrounding the object. 
The present invention can provide a multipurpose or multifunction-type sensor that has not been devised so far. Of 

20 course, the present invention achieves the superior benefit that it permits high-accuracy detection faithfully responsive 
to a position of the object, without being affected by impedance variations in the sensor due to temperature variations 
and the v^ring cable length. 

The present invention described thus far achieves tiie superior advantage that it permits a high-accuracy detection 
responsive to a posltion-to-be-detected without being influenced by Impedance change of the sensor due to tempera- 
25 ture change and ununiform lengths of wiring cables. In addition, because the present invention is based on the tech- 
nique to measure a phase difference in A.C. signals, it achieves a position detection with a superior high-speed 
response characteristic. 

Claims 

30 

1 . A phase difference detection device for position detection comprising : 

input means for receiving first and second A.C. output signals from a position sensor, said position sensor gen- 
erating said first A.C. output signal having been amplitude-modulated using, as an amplitude coefficient, a first 
35 function value corresponding to a position-to-be-detected and generating said second A.C. output signal hav- 

ing been amplitude-modulated using, as an amplitude coefficient, a second function value corresponding to the 
position-to-be<ietected; 

elecfric circuit means for performing an addition or subtraction between a signal derived by shifting an electrical 
phase of said first A.C. output signal received by said input means by a predetermined angle and said second 
40 A:C. output signal, so as to synthesize at least one electric A.C. signal having an electric phase angle corre- 

sponding to the positlon-to-be-detected. and 

operation means for measuring an elect* Ic phase shift in said at least one electric A.C. signal syntiiesized by 
said electric circuit means, so as to obtain position detection data corresponding to the position-to-be- 
detected. 

45 

2. A phase difference detection device as defined In claim 1 wherein said electric circuit means includes a phase shift 
circuit for shifting an electric phase of said first A.C. output signal by a predetermined angle, a circuit for performing 
an addition between an output signal of said phase shift circuit and said second A.C. output signal so as to syntiie- 
size a first electric A.C. signal having an electric phase angle shifted in one of positive and negative directions in 

50 correspondence to the position-to-be-detected, and a circuit for performing a subti^action between the output signal 
of said phase shift circuit and said second A.C. oulput signal so as to syntiiesize a second electric A.C. signal hav- 
ing an electric phase angle shifted in other of the positive and riegative directions in con'espondence to the position- 
to-be-detected. 

55 3. A phase difference detection device as defined in claim 2 wherein said operation means includes means for meas- 
uring an electric phase difference between a predetermined reference A.C. signal and said first electric A.C. signal 
to obtain first phase data, means for measuring an electric phase difference between said predetermined reference 
A.C. signal and said second electric A.C. signal to obtain second phase data, and means for calculating position 
detection data conresponding to tiie position-to-be-detected on the basis of said first and second phase data. 
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4. A phase difference detection device as defined in claim 3 wherein said means for calculating position detection 
data includes means for obtaining error data by calculating a difference between respective absolute values of said 
first and second phase data, and means for obtaining said position detection data by performing an operation to 
remove the error data from one of said first and second phase data. 

5. A phase difference detection device as defined in claim 1 wherein said electric circuit means includes a phase shift 
circuit for shifting an electric phase of said first A.C. output signal by a predetermined angle, a circuit for performing 
an addition between an output signal of said phase shift circuit and said second A.C. output signal so as to synthe- 
size a first electric A.C. signal having an electric phase angle shifted in one of positive and negative directions in 
correspondence to the position-to-be-detected, and a circuit for performing a subtraction between the output signal 
of said phase shift circuit and said second A.C. output signal so as to synthesize a second electric A.C. signal hav- 
ing an electric phase angle shifted in other of the positive and negative directions in correspondence to the position- 
to-be-detected, and 

wherein said operation means includes means for measuring an electric phase difference between said first 
and second electric A.C. signal to obtain position detection data con-esponding to the position-to-be-detected. 

6. A phase difference detection device as defined in claim 1 wherein said electric circuit means includes a phase shift 
circuit for shifting an electric phase angle of said first A.C. output signal by a predetermined angle, and a circuit for 
performing an addition or subtraction between an output signal of said phase shift circuit and said second A.C. out- 
put signal so as to synthesize an eiectaic A.C. signal having an electric phase angle shifted in correspondence to 
the position-to-be-detected, and 

wherein said operation means includes a circuit for forming a reference phase signal by synthesizing zero 
crosses of said first and second A-C. output signals, and means for measuring an electric phase difference, from 
said reference phase signal, of said electric A.C. signal so as to obtain position detection data corresponding to the ' 
position-to-be-detected. 

7. A phase difference detection device as defined in claim 2 which further comprises means for detecting a coinci- 
dence in zero cross between said first and second electric A.C. signals, and holding means for. in response to 
detection of tiie coincidence in zero cross between said first and second electric A.C. signals, holding, as error 
data, data based on an electric phase difference of at least one of said first and second electric A.C. signals from 
a predetemfiined reference A.C. signal, and 

wherein said operation means includes means for, at least when said position-to-be-detected is moving, 
modifying said position detection data based on the electi-ic phase difference of said at least one of said first and 
second electric A.C. signals by use of the en^or data held by said holding means. 

8. A phase difference detection device for position detection comprising: 

input means for receiving first and second A.C. output signals from a position sensor, said position sensor gen- 
erating said first A.C. output signal having been amplitude-modulated using, as an amplitude coefficient, a first 
function value con^esponding to a position-to-be-detected and generating said second A.C. output signal hav- 
ing been amplitude-modulated using, as an amplitude coefficient, a second function value corresponding to tiie 
position-to-be-detected; 

a phase shift circuit for shifting an electric phase of said first A.C. output signal received by said input means 
by a predetermined angle; 

a circuit for performing an addition and subtraction between an output signal of said shift circuit and said sec- 
ond A.G. output signal received by said input means, so as to synthesize first and second electric A.C. signals 
having respective electric phase angles shifted in positive and negative directions in correspondence to the 
position-to-be-detected; 

means for detecting a coincidence in zero aoss between said first and second electric A.C. signals: 
phase determination means for measuring an electric phase difference, from a predetermined reference A.C. 
signal, of at least one of said first and second electric AC. signals so as to obtain phase data; 
holding means for. in respor^e to detection of the coincidence in zero aoss between said first and. second 
electric A.C. signals, holding, as enror data, data based on tine phase data obtained by said phase determina- 
tion means, and 

means for obtaining position detection data corresponding to the posrtlon-to-be-detected. by modifying said 
phase data obtained by said phase determination means by use of the error data held by said holding means. 

9. A phase difference detection device as defined in any one of claims 1 - 8 wherein said first and second functions 
are in a relationship of sine and cosine relation. 
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10. A position detection system comprising: 

position detection means for generating a plurality of A.C. output signals amplitude-modulated respectively by 
amplitude values comprised of different function values in correspondence to a position-to-be-detected; 
5 a phase shift circuit for shifting an electric phase of at least one of the A.C. output signals by a predetermined 

angle so as to obtain a first A.C. output signal; 

an electric circuit for performing an addition or subtraction between said first A.C. output signal and another 
said A.C. output signal output from said position dection means as a second A.C. output signal so as to form 
a first electric A.C. signal having an electric phase angle shifted in a positive direction in correspondence to the 
10 position-to-be-detected, and for performing a subtraction or addition between said first and second A.C. output 

signals so as to form a second electric A.C. signal having an electric phase angle shifted in a negative direction 
in correspondence to the position-to-be-detected, and 

operation means for measuring an electric phase difference between said first and second electric A.C. signals 
so as to obtain position detection data corresponding to tiie position-to-be-detected. 

IS 

11. A position detection system as defined in claim 10 wherein said operation means includes means for measuring an 
electi-ic phase difference between a predetermined reference A.C. signal and said first electric A.C. signal to obtain 
first phase data, means for measuring an electric phase difference between said predetermined reference A.C. sig- 
nal and said second electric A.C. signal to obtain second phase data, and means for calculating position detection 

20 data corresponding to the position-to-be-detected on tiie basis of said first and second phase data. 

12. A position detection system comprising: 

position detection means for generating a plurality of A.C. output signals amplitude-modulated respectively by 
25 amplitude values comprised of different function values in correspondence to a position-to-be-detected; 

a phase shift circuit for shifting an electric phase of at least one of the A.C. output signals by a predetermined 
angle so as to obtain a phase-shifted A.C. output signal; 

an operation circuit for performing an addition or subtraction between an output signal of said phase shift circuit 
and at least one other said A.C. output signal, so as to obtain a detection A.C. signal having an electric phase 
30 angle corresponding to tiie position-to-be-detected; 

a circuit for outputting a reference phase signal by synthesizing zero crosses of at least two said A.C. output 
signals generated by said position detection means, and 

a circuit for measuring an electric phase difference, from said reference phase signal, of said detection A.C. 
signal output from said operation circuit, so as to obtain position detection data corresponding to tiie position- 
35 to-be-detected. 

13. A position detection method comprising: 

a first step of generating a first electric A.C. signal having an electric phase angle shifted in a positive direction 
40 in correspondence to a position-to-be-detected; 

a second step of generating a second electi-ic A.C. signal having an electric phase angle shifted in a negative 

direction in correspondence to said position-to-be-detected, and 

a third step of measuring an electric phase difference between said first and second electric electric A.C. sig- 
nals so as to position detection data corresponding to the position-to-be-detected. 

45 

14. A position detection method comprising the steps of: 

generating a first electric A.C. signal having an electric phase angle shifted in a positive direction in corre- 
spondence to a position-to-be-detected; 
50 generating a second electric A.C. signal having an electric phase angle shifted in a negative direction in con-e- 

spondence to said position-to-be-detected, and 

measuring an electric phase difference between a predetermined reference A.G. signal and at least one of said 
first and second electric electric A.C. signals so as to obtain position detection data corresponding to the posi- 
tion-to-be-detected; 

55 detecting a coinddence in zero cross between said first and second electric A.C. signals; 

holding, as error data, data based on said phase data in response to detection of the coincidence in zero cross 
between said first and second electi-ic A.G. signals, and 

obtaining position detection data corresponding to tiie position-to-be-detected. by modifying said phase data 
by use of the error data held by tiie step of holding, at least when tiie positi*on-to-be-detected is moving. 
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15. A position detection system comprising: 

position detection means for generating a plurality of A.C. output signals amplitude-modulated respectively by 
amplitude values comprised of different function values in correspondence to a position-to-be-detected; 
a phase shift circuit for shifting an electric phase of at least one of the A.C. output signals by a predetermined 
angle so as to obtain a first A.C. output signal; 

an electric circuit for performing an addition or subtraction between said first A.C. output signal and another 
said A.C. output signal output from said position dection means as a second A.C. output signal so as to form 
a first electric A.C. signal having an electric phase angle shifted in a positive direction in con'espondence to the 
position-to-be-detected, and for performing a subtraction or addition between said first and second A.C. output 
signals so as to form a second electric A.C. signal having an electric phase angle shifted in a negative direction 
In correspondence to the position-to-be-detected; 

means for measuring an electric phase difference between a predetermined reference A.C. signal and said first 
electric A.C. signal to obtain first phase data; 

means for measuring an electric phase difference between said predetermined reference A.C. signal and said 
second electric A.C. signal to obtain second phase data; 

means for obtaining error data by calculating a difference between respective absolute values of said first and 
second phase data; 

means for obtaining position detection data con-esponding to the position-to-be-detected on the basis of said 
first and second phase data; and 

means for obtaining temperature detection data from said error data. 
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